Objectives: Spousal concordance is defined as similar behaviours and associated health statuses between spouses. This study aimed to identify the concordance of diabetes mellitus (DM) and related variables among genetically unrelated couples in Ajman, United Arab Emirates (UAE). Methods: This cross-sectional study included 270 married women attending either the Mushairef Health Center or the Gulf Medical College Hospital in Ajman between May and November 2012. A validated questionnaire was designed to determine sociodemographic characteristics and a history or family history of DM, hypertension, coronary artery disease or dyslipidaemia among the women and their husbands. The weight, height, body mass index, waist circumference, fasting blood sugar and glycated haemoglobin (HbA1c) levels of all women were measured. Results: Of the women, 39.3% of those with diabetic husbands and 39.9% of those with non-diabetic husbands were diabetic themselves (P >0.050). The prevalence of DM spousal concordance was 17.8%. A history of hypertension, coronary artery disease and dyslipidaemia was significantly more frequent among women whose husbands had a history of the same conditions (P = 0.001, 0.040 and 0.002, respectively). Spousal concordance of abnormal glycaemia among non-diabetic women with diabetic husbands was significant (P = 0.001). Having a diabetic husband (P = 0.006) and being obese (P = 0.009) were the only significant predictors of hyperglycaemia among non-diabetic women after controlling for confounding factors. Conclusion: There was significant concordance of abnormal glycaemia among non-diabetic women with diabetic husbands. The spouses of diabetic patients may therefore be a target population for regular hyperglycaemia and DM screening. 
D
iabetes mellitus (dm) is currently one of the most common health concerns worldwide, with a potentially detrimental effect on the everyday life of those affected by the condition. 1, 2 In 2010, 190 million people had DM; this is estimated to increase to 330 and 366 million by 2025 and 2030, respectively. 2 Although genetic factors are important in the development of type 2 DM, they alone cannot explain the rapid rise of this disease and it is believed that the condition results from an interaction between genetic and environmental factors. 3, 4 Spousal association/concordance has been identified as a similar connection between spouses in behaviour and in health status. 5 Studies have found that married couples often have associated or concordant health statuses. 6, 7 Spouses often share a common living environment, social habits, eating patterns, physical activity levels and other health-related behaviours, but are usually genetically unrelated; thus, similarities in disease patterns between spouses mainly reflect underlying environmental aetiologies. 6, 8 Previous research has shown that the marital relationship influences the health of spouses living within the same household. 9 It has been found that social supportparticularly spousal support-has a positive impact on patient outcomes, health behaviours and selfcare management strategies. 6, 10, 11 Simple lifestyle modifications have proven effective in the prevention of type 2 DM and interventions targeting married couples are reportedly more effective than those aimed at individuals. 12, 13 Targeting both patients and their spouses may enhance the collective efficacy of behavioural interventions for chronic illnesses in comparison to patient-oriented approaches. In addition, interventions aimed at couples enhance long-term maintenance of behavioural changes. 9 In the United Arab Emirates (UAE), the prevalence of DM is 24% among citizens and 17.4% among expatriates.
14 In 2013, the International Diabetes Federation (IDF) ranked the prevalence of type 2 DM in the UAE as the fifth highest in the Middle Eastern and North African region. 15 However, no literature yet exists regarding the spousal concordance of DM or abnormal glycaemic levels in the UAE. The objective of the current study was therefore to investigate the spousal concordance of DM among married women in Ajman, UAE.
Methods
This cross-sectional study was conducted at two health centres in Ajman, the Gulf Medical College Hospital and Mushairef Health Center, between May and November 2012. The inclusion criteria included all women between 30 and 75 years old who been married for at least one year to a man who was not their genetic relative and who were attending either of these two health institutions during the study period. Pregnant women, women who were related to their husbands and those who could not communicate adequately in Arabic or English were excluded. The sample size was determined according to a 20% prevalence of DM in the UAE using the following formula:
where p was 0.2 and q was 0.8, with a marginal error of 5% and a significance level of 95%. 3, 16 According to this, the required sample size was 246 participants. A consecutive sampling technique was used to recruit 270 women for the study according to the inclusion criteria.
Data collection was carried out during direct interviews with the participants by a member of the research team. A pilot-tested questionnaire was designed to determine the participants' sociodemographic and other health-related variables. Specific items on the questionnaire required the women to report a history or family history of DM, gestational DM, hypertension, coronary artery disease (CAD) or dyslipidaemia for both themselves and their husbands. Participants also reported their own and their husband's smoking status and physical activity level (mild, moderate/vigorous or none). The Global Tobacco Surveillance System definition for a current tobacco smoker was used to identify current smokers. 17 The recommendations of the World Health Organization (WHO) were used to define physical activity levels. 18 The content of the questionnaire was validated by two specialists in internal medicine and community medicine. The questionnaire was then translated from English into Arabic and the Arabic version subsequently validated.
Weight, height, waist circumference (WC), fasting blood glucose (FBG) and glycated haemoglobin (HbA1c) measurements were taken for all of the women. Abnormal glycaemia was defined as 
HbA1c levels of ≥5.7%. 19 Pre-diabetes and DM were diagnosed according to the criteria of the WHO, IDF and American Diabetes Association. 19, 20 Weight and height measurements were used to determine body mass index (BMI). Obesity and abdominal obesity were defined as a BMI of ≥30 kg/m 2 and a WC of ≥88 cm, respectively.
Statistical analysis was carried out using the Statistical Package for the Social Sciences (SPSS), Version 19 (IBM Corp., Chicago, Illinois, USA). Data were described using means ± standard deviations for continuous variables and proportions for categorical variables. Comparisons between group characteristics were made with Chi-squared, Z-and t-tests. A logistic regression analysis was used to assess the odds of abnormal glycaemic levels among non-diabetic women according to the diabetic status of their husbands. Univariate logistic regression analyses were performed as potential predictors of abnormal glycaemia among non-diabetic women. All potential predictors were entered into a multivariable regression analysis and the variables that most accurately predicted outcomes were identified. A P value of <0.05 was considered statistically significant. This study was approved by the Ethics Committee of the Gulf Medical University and the UAE Ministry of Health. The Ministry of Health Ethics Committee approved data collection from the Mushairef Health Center, while the Gulf Medical University Ethics Committee approved data collection from the Gulf Medical University Hospital. The nature and procedures of the study and the rights of the participants were explained to all women enrolled in the study. All of the subjects gave informed consent before participating in the study.
Results
The sociodemographic data of the participants and their husbands are presented in Table 1 . In comparison to the women, a history of DM (45.2% versus 39.6%), hypertension (44.8% versus 35.9%), CAD (13.0% versus 4.8%) and dyslipidaemia (41.5% versus 36.7%) was more common among the husbands. In addition, more husbands were current smokers (26.3% versus 1.9%) and undertook moderate/vigorous physical activity (17.4% versus 8.5%). A total of 107 women (39.6%) and 122 husbands (45.2%) were diabetic. The mean duration of DM was 6.2 ± 5.9 years among diabetic women and 7.4 ± 5.9 years among diabetic husbands. The frequency of obesity among diabetic and non-diabetic women was 61.7% (n = 66) and 57.7% (n = 94), respectively.
The frequency of DM among women with diabetic and non-diabetic husbands was 39.3% (n = 48) and 39.9% (n = 59), respectively (Z = 0.1; P >0.050). Spousal concordance of DM was found among 48 couples, resulting in a prevalence rate of 17.8%. A history of There were no significant differences between mean FBG, HbA1c, BMI and WC measurements among women with non-diabetic husbands compared to those with diabetic husbands (P <0.050 each). However, women with diabetic husbands had slightly higher mean FBG values (6.7 ± 6.3 mmol/L versus 6.0 ± 1.8 mmol/L) than those married to nondiabetics [ Table 2 ]. Table 3 shows the glycaemic levels of the non-diabetic women. The total prevalence of abnormal glycaemia among non-diabetic women was 46.0% (n = 75). The rates of abnormal glycaemia among non-diabetic women with diabetic husbands was significantly more frequent than those with non-diabetic husbands (56.8% versus 37.1%; Z = 3.2; P = 0.001).
An unadjusted logistic regression analysis for independent predictors of abnormal glycaemia in non-diabetic women demonstrated a significant increase in the probability of abnormal glycaemia among those with diabetic husbands (P = 0.013) and those with general and abdominal obesity (P = 0.001 each). Other factors, including age, duration of marriage and smoking status, were not significant [ Table 4 ]. However, the adjusted odds ratio (OR) for abnormal glycaemia was only significant for women with a diabetic husband (OR = 2.5, 95% confidence interval [CI]: 1.31-4.86; P = 0.006) and for those who were obese (OR = 1.06, 95% CI: 1.01-1.12; P = 0.009). Non-diabetic women with diabetic husbands were 2.5 times more likely to have abnormal glycaemic levels in comparison to those with non-diabetic husbands, although this was not significant (OR: 2.5, 95% CI: 1.3-4.8; P <0.050). In addition, there was a 6% increase in the rate of abnormal glycaemic levels among obese women. 
Discussion
Type 2 DM results from defective insulin secretion and response (e.g. insulin resistance) as well as a range of environmental factors. 21 Evidence suggests that environmental factors could modulate the phenotypic expression of DM and disease progression in high-risk individuals with impaired glucose tolerance. 22 Spousal concordance may reflect environmental and lifestyle factors relating to DM diagnoses among genetically unrelated couples; the concept has been attributed to a shared environment, common behaviours and the tendency of individuals to choose a spouse with similar characteristics. 23 The current study showed significant spousal concordance of abnormal glycaemic levels among non-diabetic women. This is in agreement with the findings of Khan et al., who found a significantly increased risk of developing type 2 DM among the spouses of diabetic patients as compared to those with non-diabetic spouses. 24 Furthermore, the prevalence of DM concordance among the couples in Khan et al. 's study was lower than that of the current study (7.8% versus 17.8%). 24 In the present study, a history of hypertension, CAD and dyslipidaemia was significantly more frequent among women whose husbands had the same conditions. This is consistent with findings from a systematic review which revealed significant spousal concordance for many CAD risk factors, including hypertension, DM, obesity and smoking. 23 Stimpson et al. revealed significant spousal concordance of hypertension, DM, arthritis and cancer among older Mexican-American couples, after adjusting for other factors such as age, BMI and smoking habits. 25 Suarez et al. suggested that age, duration of cohabitation and the extent of shared activities among married or cohabiting couples should be considered when interpreting familial aggregation of blood pressure. 26 However, age and duration of marriage did not show a significant correlation with abnormal glycaemia in the current study. Nevertheless, a high prevalence of abnormal glycaemia was noted among the nondiabetic women; this could be attributed to the similarly high prevalence of obesity among this group. Evidence has linked obesity with multiple endocrine, inflammatory, neural and cell-intrinsic changes associated with insulin resistance; it is also a major risk factor for cardiovascular disease and type 2 DM. 27 Some researchers have advocated for regular hyperglycaemia screening among high-risk groups in developing countries. 28 In the present study, having a diabetic husband and being obese were the only significant predictors of hyperglycaemia among nondiabetic women after controlling for confounding factors. This finding is important as it indicates that both the spouses of diabetic patients and obese individuals should be included in hyperglycaemia and DM screening programmes.
Clinical trial data recommends that obese patients undergo lifestyle modifications with regards to diet and exercise; this is known to help prevent and reduce rates of DM by attenuating insulin resistance and subsequent hyperinsulinaemia, reflecting the importance of promoting preventative strategies to tackle the growing DM epidemic. 29 With regards to spousal concordance, lifestyle modification interventions should be targeted at both diabetic patients and their spouses in order to eliminate risk factors for both individuals. Sexton et al. have indicated the effectiveness of this strategy for patients with cardiovascular diseases. 30 In the UAE, current management strategies directed at type 2 DM patients include pharmacological therapy for hyperglycaemia, medical nutrition therapy and psychosocial assessment and care. 31 The researchers suggest including the spouses of diabetic patients in DM management strategies in order to reduce the risk of DM spousal concordance.
The present study has a number of limitations. First, only female participants were included in the study due to logistical issues; however, the authors believe that spousal concordance can be observed in both genders. Second, the findings of this study cannot be generalised to the wider population of the UAE because of the nonprobability sampling method used to recruit the participants. Third, with regards to the multicultural society of the UAE, more evidence is needed to show the role of spousal concordance in lifestyle-related and chronic diseases, including DM. Fourth, selection bias may have been possible due to the study design, although the authors tried to reduce this bias by employing a consecutive sampling technique. Finally, the random effect of spousal concordance of abnormal glycaemia was not calculated, which could have had an effect on the results of the multivariable analysis.
Conclusion
There was significant concordance of abnormal glycaemia among non-diabetic women with diabetic husbands in the current study. The spouses of diabetic patients may therefore be a target population for regular hyperglycaemia and DM screening. c o n f l i c t o f i n t e r e s t
